. Despite this, little is known about the precise mechanisms of action of corticosteroids on the immune response in humans (1, 2) . Several immunosuppressive effects of these agents have been observed to occur in man, including mild lymphocytopenia (3), decreased immunoglobulin production (4), and impaired expression of cutaneous delayed hypersensitivity responses (5) . The striking heterogeneity of lymphoid cell populations within different species including man has been the subject of recent intense study (6) . In some animal species, corticosteroids have been shown to have differential effects on subpopulations of lymphocytes (7, 8) .
In man, different mitogens have been shown to differentially stimulate particular subpopulations of lymphocytes in vitro (9) . Stimulation of thyymus-derived lymphocytes by antigens in vitro is felt to require the interaction of macrophage and lymphocyte (10) . The Response of cultured lymphocytes to mitogens and antigens. Table II lists Fig. 3 . At 1 h with 100 mg OHC (Table II) there is no significant change from base line with any of the mitogens and antigens tested. At 4 h with 100 mg OHC the response to PWM is essentially unchanged (+ 4%), the response to PHA is not significantly decreased (-21%, P > 0.10), while the response to Con A is markedly decreased (-59%, P < 0.05). The response to SK-SD is not significantly decreased (-26%, P > 0.2), while the response to TT is markedly decreased (-45%, P < 0.02) at this dose of OHC.
With 400 mg OHC several responses are reduced with a definite differential pattern (Fig. 3) . At 1 and 4 h, the response to PHA is not significantly changed. The response to Con A is reduced slightly at 1 h, but still not significantly, while at 4 h the response to Con A is markedly decreased (-56%, P<0.01) in sharp contrast to the response to PHA at 4 h. With 400 mg OHC, the response to PWM is not significantly changed at 1 h. At 4 h it is greatly decreased (-46%, P < 0.05) in contrast to its resistance to 100 mg OHC at 4 h ( Table  II) . The responses to the antigens SK-SD and TT are highly sensitive to the effects of 400 mg of OHC both at 1 h and 4 h after injection (Fig. 3) . The data given are those for optimal stimulatory concentrations of mitogens and antigens. In several experiments various concentrations of mitogens and antigens both greater and less than optimum were also tested. Similar differential sensitivities seen at optimal doses were also observed at these doses.
Reconstitution of monocyte-depleted lymphocyte cultures. The effects of adding monocyte-rich cells to monocyte-depleted cultures are shown in Table III . As in the previous experiments, 4 h after OHC administration there is a marked decrease in in vitro response to antigens SK-SD and TT. Adding irradiated, monocyterich cells from 0 h samples to monocyte-depleted 4-h cultures results in a partial, but not a complete reconstitution of the responses which is not seen when irradiated monocyte-depleted cells are added to the 4-h cultures (P < 0.02, paired sample t test). The lack of any (18) . effect of adding irradiated, monocyte-depleted cells to the 4 h culture also serves as a control demonstrating that adding irradiated autologous lymphocytes to standard cultures does not have a nonspecific adjuvant or suppressant effect on the response to antigens.
DISCUSSION
It has been firmly established that in man there exist heterogeneous subpopulations of lymphocytes. Two broad categories, bone marrow-derived and thymus-derived cells, can be identified by surface markers (16, 19) . subsets are defined by their differential in vitro responsiveness to various mitogens (9) . In addition, optimal in vitro responsiveness to antigenic stimuli requires the interaction of a critical proportion of phagocytic cells with the responding lymphocytes (10) .
The present studies demonstrate that a single intravenous dose of OHC has a profound effect upon circulating lymphoid cells that is both rapid in onset and transient in duration. The absolute numbers of circulating lymphocytes and monocytes are decreased, with a definite pattern of decline and recovery after both a 100 and 400 mg dose of OHC ( Figs. 1 and 2 ).
Of interest is the fact that the depletion of lymphocytes from the circulation is selective, in that there is a proportionately greater decrease in the number of T cells as measured by the SRBC rosette assay. This observation could indicate either a true selective depletion of circulating rosette forming T cells, or alternatively, an interference with the ability of these cells to form rosettes. The finding that high concentrations of OHC added to the rosette assay does not interfere with the ability of T cells to form rosettes is evidence against the latter point and strengthens the argument that there is a true selective removal of T cells from the circulation with OHC administration.
The heterogeneity of lymphocytes in lower animals has been well-defined, both by surface markers (20, 21) and functional properties (22) (23) (24) . Corticosteroids have been shown to have a distinctly differential effect upon these subpopulations in that they cause selective depletion of cells from tissues (7, 25) and changes in their circulation patterns (8, 26) and in their functional capacities as determined by in vitro stimulation (27, 28) . In addition, the interaction of antigen sensitive lymphocyte and nonimmune macrophage is affected by corticosteroids (29, 30) .
In humans, it is possible to fractionate lymphocytes into functionally distinct subpopulations by glass wool 244 column separation (9) . Recently, two subpopulations of lymphocytes were separated by passage through a nylon column (31) . The subpopulations were distinguished by their differential responsiveness to in vitro stimulation by Con A. The column-adherent lymphocytes were highly responsive to Con A, while the nonadherent lymphocytes were relatively unresponsive to Con A. Both columnfiltered and unfiltered cells responded nearly equally to both PHA and PWM. This mechanical depletion of a functional subpopulation of lymphocytes described above is analogous to the pharmacological depletion of subpopulations of lymphocytes by OHC administration demonstrated in the present study. That OHC removes lymphocytes from the circulation is clear from the profound decrease in absolute lymphocyte counts (Fig. 1) . The cells which remained in the circulation after OHC administration were no different in response to PHA than circulating cells before OHC administration. In contrast, cells remaining in the circulation after OHC administration were markedly depleted of Con A-responsive lymphocytes as compared to circulating cells before OHC administration (Table II) . The response to PWM was unchanged after 100 mg OHC, yet markedly diminished after 400 mg OHC. Hence, administration of OHC not only causes an absolute lymphopenia, but selectively depletes certain functional subpopulations of lymphocytes (Con A-and PWM-responsive cells).
The relative proportions of subpopulations of lymphocytes have been studied in several diseases (32, 33) . In this regard, evidence presented here that corticosteroid administration can selectively deplete rosette-forming T cells as well as certain functional subpopulations of lymphocytes has potential clinical significance. As knowledge accumulates of the precise role of, identifiable subpopulations of lymphocytes in the pathogenesis of certain immunologically mediated diseases, familiarity with the differential sensitivities of these subpopulations to corticosteroids will allow for greater therapeutic specificity in the use of these agents.
The effect of OHC administration on the in vitro response to antigens is quite dramatic (Fig. 3) . This diminution of in vitro antigen responsiveness after OHC correlates well with the suppression of cutaneous delayed hypersensitivity to antigens during corticosteroid administration (5). The finding of differentially greater OHC sensitivity of in vitro antigen stimulation of lymphocytes as compared to PHA stimulation (Fig. 3 ) is in accord with others (34) (10) , and monocytes are established components of the cutaneous delayed hypersensitivity reaction (35) . The dramatic fall in absolute monocyte counts at 4-6 h after OHC (Fig. 2) may be the crucial factor in the reduction of antigen responsiveness. The addition of irradiated, autologous monocyte-rich cell suspensions to the cultures of cells depleted of monocytes by OHC administration results in a partial, but not a complete reconstitution of response to antigens (Table III) . This is in accord with studies (10) in which cell suspensions depleted of monocytes by glass bead column treatment had diminished in vitro responses to antigens. The deficient response was likewise partially corrected by the addition of autologous monocyte-rich cell suspensions. Hence, monocyte depletion caused by OHC administration clearly is responsible at least in part for the decreased in vitro response to antigenic stimulation seen in the present study. In addition, deficiency of one or more of the functional lymphocyte subpopulations which were shown to be selectively depleted may also contribute to the decreased in vitro response to antigens.
The precise mechanisms whereby the absolute lymphocyte counts decline rapidly and return to base line within 24 h are unclear. The mechanism for this decrease in cell numbers could be explained either by direct destruction or redistribution of lymphocytes out of the circulation to other body compartments. In man, there is no convincing evidence that corticosteroids even in pharmacologic doses cause significant destruction of normal lymphocytes in vivo (2) . In addition, corticosteroids added in vitro to human peripheral blood lymphocyte (36) and thymocyte (37) suspensions in concentrations far exceeding attainable in vivo pharmacological levels had no cytolytic effects. It seems highly likely, therefore, that the dramatic depletion of circulating monocytes and subpopulations of lymphocytes following OHC administration is due to a redistribution of cells out of the circulation into other body compartments as has been described in certain animals (8, 26, 38) . Experiments tracing the fate of labeled lymphocytes and monocytes after corticosteroid administration may clarify this hypothesis.
